Background: The aim of this study was to evaluate any association between CYP1A1 (T6235C and C4887A, A4889G) gene polymorphisms and the risk of oral pre-cancer and cancer. Methods: In the present study, 250 patients with oral pre-cancer and/or cancer and 250 healthy controls were genotyped for CYP1A1 T6235C, C4887A and A4889G polymorphisms by the PCR-RFLP method. Results: None of the CYP1A1 polymorphisms were associated with the risk of either oral cancer or pre cancer. Nor were any links with clinical parameters of oral cancer found. However, among the consumers of areca nut/pan masala the TC, CA and AG genotypes respectively for the CYP1A1 T6235C,C4887Aand A4889G polymorphisms were significantly more frequent in controls compared to cases (p values for cases vs. controls of 0.0032, 0.0019 and 0.0009, respectively). Similarly, compared to the haplotype TCA, TAG constituted by CYP1A1 T6235C and C4887A and A4889G was more common in controls (6.88%) than in cases (4.07%). Conclusion: Our results suggest that genotypes regarding CYP1A1 polymorphisms may modulate the risk of oral cancer and pre-cancer among the areca nut/pan masala consumers. The haplotype may also exert an influence in our north Indian population.
Introduction
Oral cancer represents an important problem worldwide. The incidence and prevalence rates for these tumors are double in men than in women. Cancers of the oral cavity rank as the eighth most common cancer among men, being responsible for 3% of the cancers diagnosed in this gender (Ferlay et al., 2002) . Mortality rates are substantially lower thanincidence rates. According to theWorld Health Organization(WHO) data, the standardized mortality rate for 2002 was 2.2 deaths per 100,000 population. Invasive oral squamous cell carcinoma is often preceded by the presence of clinically identifiable dysplasia of the oral mucosa (Neville and Day, 2002) . These include: erythroplakia, non-homogeneous leukoplakia, erosive lichen planus, oral submucous fibrosis and actinic keratosis (Waal, 2009; Warnakulasuriya et al., 2007) . This precancerous lesion is a morphologically altered tissue in which cancer is more likely to occur than in its apparently normal counterpart.
Tobacco and alcohol usage are strong risk factors and have been causally associated with the development of oral cancer (Petersen, 2009) . In India, tobacco exposure occurs in complex patterns due to the consumption of a wide range of smoked and smokeless tobacco products. Apart from this, molecular epidemiological studies have provided concrete evidence that genetic predisposition play an important role in the aetiology of this malignancy (Gatt_as et al., 2009) .
Enzymes like CYP1A1 are generally responsible for biotransformation of several tobacco-related pro-carcinogens such as polycyclic aromatic hydrocarbons (PAHs), nitrosamines and aromatic amines (Sikdar et al., 2003) into reactive electrophilic intermediate metabolites that can damage DNA. Among the different reactions catalyzed by CYP1A1, hydroxylation at a vacant position of an aromatic ring is considered to be the hallmark for the initiation of carcinogenesis, through the formation of highly reactive conversion products that can cause oncogenic mutations in experimental animals and humans (Wei et al., 1996; Buterin et al., 2000) The CYP1A1 gene is located on chromosome 15q22-24 and has seven exons (Hildebrand et al., 1985) . Three polymorphisms had been described in the human CYP1A1 gene: a Msp I RFLP in the 3' UTR (T6235C, rs4646903), an adenine to guanine transition in the heme-binding domain of exon 7 (A4889G, rs1048943) which causes Ile .Val exchange in residue 462 and an African-American-specific RFLP in exon 7 (C4887A) causes an Thr.Asn exchange. These genetic variants of CYP1A1 genes, besides causing enhanced enzyme activity, are also known to play a major role in the pathogenesis of several cancers Kristiansen et al., 2011; Kristensen et al., 2011) .
Although a largebody of experimental results points towards a positiveassociation of CYP1A1 genetic polymorphisms and canceroccurrence, further investigation is required for such findingsto be extrapolated successfully to human populations.The present study aimed to find any association between CYP1A1 T6235C,C4887Aand A4889G polymorphisms with the risk of oral cancer and pre cancer.
Materials and Methods

Study Subjects
The study was undertaken on a total of 250 patients with previously treated and pathologically confirmed oral pre cancer and cancer who were registered at department of Oral Pathology and Microbiology, King George's Medical University and 250 healthy controls.Oral cancer sample were staged according to TNM staging system. Variables included for example age, gender, smoking, tobacco and pan masala chewing status of the study subjects are detailed in Table 2 . This study was approved by the Institutional Ethics Committee of the King George's Medical University, Lucknow. An informed written consent was obtained from all subjects. Ethical clearance was obtained from institutional ethical committee. Venous blood samples were collected in EDTA tubes and stored at −80 °C, till DNA extraction. Genomic DNA extraction from blood samples was carried out by salting out method.
Genotyping by RFLP
Genotyping for polymorphisms in CYP1A1 (6235) T/C, CYP1A1 (4887) C/A, CYP1A1 (4889) A/G were detected using PCR--RFLP technique.PCR products were generated by using 10 ng of genomic DNA in 10 ml volumereactions containing 20 mMTris--HCl, 50 mMKCl, 2.0 mM MgCl 2 , 0.11 mMeach dNTP, 0.3 mM each primer (Table 1 ) and 0.3 U Platinum Taq DNApolymerase (Invitrogen, Paisley, UK). PCR products weredigested with the appropriate MspI enzyme to screen for the CYP1A1 (T6235C) polymorphism (Figure 1) ,MboII enzyme to screen for the CYP1A1 (C4887A) polymorphism (Figure 2) , NcoI enzyme to screen for the CYP1A1 (A4889G) polymorphism (Figure 3 ) that recognized and cut wild-type, homozygous, heterozygous sequences at 37 o C for at over night. The digested PCR products were resolved on a 2% agarose gel and stained with ethidium bromidefor visualization under UV light. The genotype results were regularlychecked and confirmed by direct DNA sequencing of the amplified fragments. Most of the assays were carried out including samples with knowngenotypes as controls. Genotypes for polymorphisms without previouslyknown samples were identified by sequencing twice independently; such samples were subsequently used as controls.
Statistical analysis
The significance of this study was evaluated by chi-square test. Odds ratio (OR) was calculated as an estimate of relative risk of having disease according to the relative frequency of different genotypes among the cases as well as the controls. P value was considered significant at <0.05.SNPstats was employed to construct haplotypes. The extent of linkage disequilibrium (LD) was expressed in the maximum likelihood estimate of disequilibrium, D'
Results
Cohort Characteristics
Present study included 200 oral pre cancer and 50 oral cancer cases; out of those, 150 were males and 100 were females. Among the 250 healthy controls 175 were males and 75 were females. Male and female ratio was showed significant association with the risk for developing oral diseases (Table 3 ). However after adjusting the odds ratio for age and sex the GG genotype for CYP1A1 (A4889G) polymorphism found to be associated with significantly reduce risk for development of oral cancer and oral pre cancer (odd ratio 0.24, 95% CI 0.06-0.91 , p value 0.025). The risk of disease was further evaluated among the smokers, tobacco chewers, alcohol consumers and areca nut/pan masala chewers. Distribution of different genotypes for CYP1A1 (6235) T/C, (4887) C/A, and (4889) A/G polymorphisms among the above mentioned stratified population are detailed in Table 4 . Among the smokers, tobacco chewers and alcohol consumers the frequency of different genotypes for the above said polymorphisms were almost similar while the cases and similar in both case and control. Distribution of age was also similar among the cases and control as detailed in Table 2 . Habit of smoking, tobacco chewing and alcohol drinking are more prevalent in the cases compared to control. In contrast consumption of areca nut/pan masala was more prevalent in the control population than the cases. Other clinical data including, tumor stage, grade, T status, lymph node involvement and metastasis about the oral cancer patients are detailed in Table 2 .
Association of CYP1A1 polymorphisms with the risk of oral cancer and oral pre cancer
Distribution of different genotypes for CYP1A1 (6235) T/C, (4887) C/A, and (4889) A/G polymorphisms among the cases and controls are detailed in controls were compared. However, the risk of disease were significantly lower with the TC, CA and AG genotypes for the CYP1A1 (6235) T/C, (4887) C/A, and (4889) A/G polymorphisms respectively (Table 4) .
Association of haplotype of CYP1A1 polymorphisms with the risk of oral cancer and oral pre cancer
Haplotyping of CYP1A1 (6235) T/C, (4887) C/A, and (4889) A/G polymorphisms generated 7 different haplotypes as detailed in Table 5 . The frequency of haplotype TAG was significantly lower in cases (4.07%) compared to healthy controls (7%). The association was more pronounced in male (OR=0.31 95% CI 0.12 -0.79) than in female (OR= 1.11, 95% CI 0.37 -3.33). The frequencies of other haplotypes were almost similar between cases and controls. Further, the above polymorphisms of eNOS were not in significant LD asD' = 0.33 for (6235) 
Association of CYP1A1 polymorphisms with the clinical parameters of oral cancer
Genotypes from different CYP1A1 polymorphisms were evaluated for their association with different clinical parameters of oral cancer including tumour stage, grade, T status, lymph node involvement and metastasis. None of genotype showed any association with the above said parameters as detailed in Table 6 .
Discussion
The present observational study was designed to examine theimpact of CYP1A1T6235C,C4887Aand A4889G polymorphismson oral oncogenesis. The study (Nebert et al., 1996) , which activates procarcinogens to genotoxic electrophilic intermediates. It contributes to aryl hydrocarbon hydroxylase activity, catalyzing the first step in the metabolism of a number of polycyclic aromatic hydrocarbons (PAHs). It is also involved in estrogen metabolism, catalyzing the hydroxylation of 17β-estradiol at the C-2 position (Masson CYP1A1 polymorphisms have been extensively studied with regard to oral cancer risk. Although some studies report increased risk in the presence of some of the mutations (Park et al., 1997; Xieet al., 2004) , there are many contradictory results apparently due to ethnic differences (Chatterjee et al., 2009; Zhou et al., 2009) .
A transition from T to C in the 3'UTRof CYP1A1 gene results in the introduction of an MspI restriction site and is associated with increase in enzyme activity and hence cancer risk (Petersen et al., 1991; Tanimoto et al., 1999) . In the present study we have observed that among the areca nut/pan masala chewers the risk of oral cancer and precancer been reduced with the TC genotype for T6235C polymorphism in the 3'UTRof CYP1A1 gene. C allele for T6235C polymorphism has been reported to increase the enzymatic activity of CYP1A1 enzyme.
The A4889G polymorphism in exon 7 of the CYPlAl *, significant value (Wu et al., 2013) . The C4887A polymorphism is also located in exon 7, which exchanges threonine 461 with asparagine,and had shown association with the risk of non small cell lung cancer . In conclusion our study suggests a possible association of polymorphisms in CYP1A1 gene with the risk of oral cancer and oral pre cancer. We documented that the both the genotypes and haplotypes of these polymorphisms modulate the risk of oral cancer and oral pre cancer. However, with the limited sample size our results constitute only a preliminary step in this direction and any clinical application is long way off. 
